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STATE OF OKLAHOMA, et al., 
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TYSON FOODS, INC., et al., 
 

 
Defendants. 
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)

 
 
 
 
 
Case No. 4:05-cv-00329-GKF-PJC 

 
Declaration of John P. Connolly, Ph.D., P.E., B.C.E.E. 

 
I, John P. Connolly, state the following: 
 

1. My name is John P. Connolly, and I am a Principal/Senior Technical Advisor for Anchor 
QEA, located in Montvale, NJ.  Anchor QEA was compensated at a rate of $348 per hour 
for the time I devoted to this project. 

2. I hold a B.E. degree in Civil Engineering from Manhattan College, a M.E. in 
Environmental Engineering from Manhattan College, and a Ph.D. in Environmental 
Health Engineering from The University of Texas at Austin.  I am a registered 
professional engineer in New York and Texas, a Diplomate by Eminence in the American 
Academy of Environmental Engineers and a member of the United States Environmental 
Protection Agency (USEPA) Science Advisory Board. 

3. I have studied environmental chemistry as part of my graduate work and I taught 
chemical equilibrium modeling as a professor at Manhattan College.  I have developed 
models of phosphorus cycling in lakes and have been involved in a phosphorus TMDL 
study in the Androscoggin River in Maine.  I have worked on hazardous waste problems 
since the late 1970s when I did my Ph.D. research on the pesticide Kepone.  Included in 
my experience is work on most of the high profile CERCLA sites in the United States 
and I have testified before Congress and the New York State Assembly on hazardous 
wastes in river, estuary and lake sediments. 

4. I have been asked in this declaration to explain principles of basic chemistry, as they 
relate to the above-titled litigation.  The contents of this declaration are facts, not 
opinions.  The sources for each factual statement, many of which consist of introductory-
level chemistry textbooks, are attached as exhibits to this declaration and are referenced 
herein by author.  
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5. “Matter is anything that takes up space and has mass” (Enger and Smith (2002) at 69). 
Matter can be classified into two categories:  pure substances and mixtures (Whitten et al.  
(2000) at 12). 

6. A pure substance is a kind of matter that has a fixed composition and properties that do 
not vary (Whitten et al. (2000) at 12).  “Each substance has its own characteristic set of 
properties that are different from the set of properties of any other substance” (Whitten et 
al. (2000) at 13).  Pure substances exist in two forms:  elements and compounds (Whitten 
et al. (2000) at 12). 

7. An element is a form of matter consisting of a specific kind of atom that cannot be 
decomposed into simpler substances by chemical changes (Enger and Smith (2002) at 
466; Whitten et al. (2000) at 12). “ The smallest particle of an element that maintains its 
chemical identity through all chemical and physical changes is called an atom” (Whitten 
et al. (2000) at 48).  “[T]he smallest particle of an element or compound that that can 
have a stable independent existence” is a molecule (Whitten et al. (2000) at 49).  “In 
nearly all molecules, two or more atoms are bonded together in very small, discrete units 
(particles) that are electrically neutral. … The oxygen with which we are all familiar is 
made up of two atoms of oxygen; it is a diatomic molecule, O2. … Some other elements 
exist as more complex molecules.  One form of phosphorus molecules consists of four 
atoms, and sulfur exists as eight-atom molecules at ordinary temperatures and pressures.  
Molecules that contain two or more atoms are called polyatomic molecules.”  (Whitten et 
al. (2000) at 49.) 

8. “A compound is a pure substance consisting of two or more different elements in a fixed 
ratio” (Whitten et al. (2000) at 15).  Compounds “can be decomposed by chemical means 
into simpler substances” (Whitten et al. (2000) at 14) (i.e. elements or other compounds), 
but cannot be broken down or purified by physical means (Whitten et al. (2000) at 13).  
“The physical and chemical properties of a compound are different from the properties of 
its constituent elements” (Whitten et al. (2000) at 15).  For example, “[s]odium chloride 
is a white solid that we ordinarily use as table salt.  This compound is formed by the 
combination of the element sodium (a soft, silvery white metal that reacts violently with 
water) and the element chlorine (a pale green, corrosive, poisonous gas).” (Whitten et al. 
(2000) at 15.) 

9. A mixture is a “combination[] of two or more pure substances in which each substance 
retains its own composition and properties” (Whitten et al. (2000) at 10).  “Mixtures can 
be separated by physical means because each component retains its properties.  For 
example, a mixture of salt and water can be separated by evaporating the water and 
leaving the solid salt behind.”  (Whitten et al. (2000) at 12.)   

10. Phosphorus is element 15 in the periodic chart and designated by the symbol, P (Whitten 
et al. (2000) at 126).  Phosphorus is a nonmetal and readily forms bonds with metals and 
nonmetals (Whitten et al. (2000) at 957).  The element phosphorus is not stable at room 
temperature and atmospheric pressure as a single atom.  Instead, phosphorus exists only 
as diatomic or polyatomic molecules of more than one P atom (P2, P4, P8, etc.), and is 
referred to as “elemental phosphorus” (Zuckerman and Hagen (1988) at 18; Whitten et al. 

Case 4:05-cv-00329-GKF-PJC     Document 1925-3 Filed in USDC ND/OK on 03/23/2009     Page 2 of 69



 

 3 

(2000) at 49).  In this respect, phosphorus is similar to oxygen and nitrogen, which only 
exist in nature as diatomic or polyatomic molecules in their elemental state (Whitten et al. 
(2000) at 49). 

11. Elemental phosphorus exists (either in nature or by synthetic production) in “four or more 
solid allotropic1 forms:  white (or yellow),2 red, and black (or violet)” (CRC Handbook 
(1985) at B-28). The difference between each of these forms stems from their distinct 
number of phosphorus atoms and molecular structure (Zuckerman and Hagen (1988) at 
18).  For example, white phosphorus is a polyatomic molecule (P4) and “is the least stable 
and most reactive of the phosphorus allotropes” (Zuckerman and Hagen (1988) at 18). 

12. The element phosphorus “is always combined in nature,” as a phosphorus compound or 
elemental phosphorus (Whitten et al. (2000) at 964).  “Phosphorus is present in all living 
organisms” (Whitten et al. (2000) at 964), as well as thousands of human food products 
including butter, cheese, eggs and milk (USDA National Nutrient Database at Release 
21).  A wide variety of phosphorus compounds, such as orthophosphates and 
polyphosphates, are also commonly “encountered in environmental engineering practice” 
(Sawyer et al. (1994) at 598).  “The largest use of phosphorus is in fertilizers.  
Phosphorus is an essential nutrient, and nature’s phosphorus cycle is very slow owing to 
the low solubility of most natural phosphates.  Phosphate fertilizers are therefore 
essential.”  (Whitten et al. (2000) at 965.) 

13. Orthophosphates consist of a phosphorus atom bonded to four oxygen atoms (PO4) 
(Chapra (1997) at 523).  The release of the phosphorus atom from the bonded oxygen 
atoms would require chemical means (Whitten et al. (2000) at 13). 

14. The following chart identifies compounds listed in 40 C.F.R. § 302.4 that include 
phosphorus as a constituent element. 

Hazardous Substance CASRN Originating Authority3 
Aluminum phosphide 20859-73-8 42 U.S.C. § 6921 (RCRA) 
Coumaphos 56-72-4 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Cyclophosphamide 50-18-0 42 U.S.C. § 6921 (RCRA) 
Dichlorvos 62-73-7 42 U.S.C. § 7412(b)(1) (Clean Air Act) 

33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
O,O-Diethyl S-methyl 
dithiophosphate 

3288-58-2 42 U.S.C. § 6921 (RCRA) 

Diethyl-p-nitrophenyl phosphate 311-45-5 42 U.S.C. § 6921 (RCRA) 

                                                 
1 Allotropes are different forms of the same element in the same physical state (Whitten et al. 
(2000) at 51). 
2 White phosphorus has two modifications (CRC Handbook (1984) at B-28).   
3 The originating authority for each substance is coded on Table 302.4 under “Statutory Code.”  
Each originating authority is defined and designated a number between 1 and 4, as explained in 
the note under 40 C.F.R. § 302.4(b). 
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Hazardous Substance CASRN Originating Authority3 
O,O Diethyl O-pyrazinyl 
phosphorothioate 

297-97-2 42 U.S.C. § 6921 (RCRA) 

Diisopropylfluorophosphate (DFP) 55-91-4 42 U.S.C. § 6921 (RCRA) 
Diphosphoramide, octamethyl- 152-16-9 42 U.S.C. § 6921 (RCRA) 
Diphosphoric acid, tetraethyl ester 107-49-3 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

42 U.S.C. § 6921 (RCRA) 
Ethion 563-12-2 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Guthion 86-50-0 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Hexaethyl tetraphosphate 757-58-4 42 U.S.C. § 6921 (RCRA) 
Hexamethylphosphoramide 680-31-9 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Hydrogen phosphide 7803-51-2 42 U.S.C. § 7412(b)(1) (Clean Air Act) 

42 U.S.C. § 6921 (RCRA) 
Lead phosphate 7446-27-7 42 U.S.C. § 6921 (RCRA) 
Malathion 121-75-5 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Mevinphos 7786-34-7 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Octamethylpyrophosphoramide 152-16-9 42 U.S.C. § 6921 (RCRA) 
2H-1,3,2-Oxazaphosphorin-2-amine, 
N,N-bis (2-chloroethyl) tetrahydro-, 
2-oxide (a.k.a. Cyclophosphamide) 

50-18-0 42 U.S.C. § 6921 (RCRA) 

Phosphine 7803-51-2 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
42 U.S.C. § 6921 (RCRA) 

Phosphoric acid 7664-38-2 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Phosphoric acid, diethyl 4-
nitrophenyl ester 

311-45-5 42 U.S.C. § 6921 (RCRA) 

Phosphoric acid, lead(2+) salt (2:3) 7446-27-7 42 U.S.C. § 6921 (RCRA) 
Phosphorodithioic acid, O,O-diethyl 
S-[2-(ethylthio)ethyl] ester 

298-04-4 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
42 U.S.C. § 6921 (RCRA) 

Phosphorodithioic acid, O,O-diethyl 
S-[(ethylthio)methyl] ester 

298-02-2 42 U.S.C. § 6921 (RCRA) 

Phosphorodithioic acid, O,O-diethyl 
S-methyl ester 

3288-58-2 42 U.S.C. § 6921 (RCRA) 

Phosphorodithioic acid, O,O-
dimethyl S-[2(methylamino)-2-
oxoethyl] ester 

60-51-5 42 U.S.C. § 6921 (RCRA) 

Phosphorofluoridic acid, bis(1-
methylethyl) ester 

55-91-4 42 U.S.C. § 6921 (RCRA) 

Phosphorothioic acid, O,O-diethyl 
O-(4-nitrophenyl) ester 

56-38-2 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 
42 U.S.C. § 6921 (RCRA) 

Phosphorothioic acid, O,O-diethyl 
O-pyrazinyl ester 

297-97-2 42 U.S.C. § 6921 (RCRA) 

Phosphorothioic acid, O-[4-
[(dimethylamino) sulfonyl] phenyl] 
O,O-dimethyl ester  

52-85-7 42 U.S.C. § 6921 (RCRA) 
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Hazardous Substance CASRN Originating Authority3 
Phosphorothioic acid, O,O-dimethyl 
O-(4-nitrophenyl) ester 

298-00-0 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
42 U.S.C. § 6921 (RCRA) 

Phosphorus 7723-14-0 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

Phosphorus oxychloride 10025-87-3 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
Phosphorus pentasulfide 1314-80-3 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

42 U.S.C. § 6921 (RCRA) 
Phosphorus sulfide 1314-80-3 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

42 U.S.C. § 6921 (RCRA) 
Phosphorus trichloride 7719-12-2 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
1-Propanol, 2,3-dibromo-, phosphate 
(3:1) 

126-72-7 42 U.S.C. § 6921 (RCRA) 

Sodium phosphate, dibasic 7558-79-4 
10039-32-4 
10140-65-5 

33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

Sodium phosphate, tribasic 7601-54-0 
7558-29-4 
7785-84-4 
10101-89-0 
10124-56-8 
10361-89-4 

33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

Sulfur phosphide 1314-80-3 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
42 U.S.C. § 6921 (RCRA) 

Tetraethyl pyrophosphate 107-49-3 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 
42 U.S.C. § 6921 (RCRA) 

Tetraethyldithiopyrophosphate 3689-24-5 42 U.S.C. § 6921 (RCRA) 
Tetraphosphoric acid, hexaethyl 
ester 

757-58-4 42 U.S.C. § 6921 (RCRA) 

Thiodiphosphoric acid, tetraethyl 
ester 

3689-24-5 42 U.S.C. § 6921 (RCRA) 

Tris(2,3-dibromopropyl) phosphate 126-72-7 42 U.S.C. § 6921 (RCRA) 
Zinc phosphide Zn3P2 1314-84-7 33 U.S.C. § 1321(b)(2)(A) (Clean Water Act) 

42 U.S.C. § 6921 (RCRA) 
 

15. The following chart identifies entries in 40 C.F.R. § 302.4 that list multiple substances or 
compounds. 

Hazardous Substance CASRN Originating Authority4 
ANTIMONY AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act)5 

                                                 
4 The originating authority for each substance is coded on Table 302.4 under “Statutory Code.”  
Each originating authority is defined and designated a number between 1 and 4, as explained in 
the note under 40 C.F.R. § 302.4(b). 
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Hazardous Substance CASRN Originating Authority4 
Antimony Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
ARSENIC AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Arsenic Compounds (inorganic including 
arsine) 

N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

BERYLLIUM AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

Beryllium Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

CADMIUM AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

Cadmium Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

CHLORDANE (TECHNICAL MIXTURE 
AND METABOLITES) 

57-74-9 33 U.S.C. § 1317(a) (Clean Water Act) 

CHLORINATED BENZENES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
CHLORINATED ETHANES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
CHLORINATED NAPHTHALENE N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
CHLORINATED PHENOLS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
CHROMIUM AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Chromium Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Cobalt Compounds N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Coke Oven Emissions N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
COPPER AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
Copper Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
CYANIDES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Cyanides (soluble salts and complexes) not 
otherwise specified 

N.A. 42 U.S.C. § 6921 (RCRA) 

DDT AND METABOLITES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
ENDOSULFAN AND METABOLITES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
ENDRIN AND METABOLITES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
Glycol Ethers N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
HALOETHERS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
HALOMETHANES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

                                                                                                                                                             
5 The Clean Air Act listing of hazardous substances includes the following note at 42 U.S.C. § 
7412(b)(1): “For all listings above which contain the word ‘compounds’ and for glycol ethers, 
the following applies: Unless otherwise specified, these listings are defined as including any 
unique chemical substances that contains the named chemical (i.e., antimony, arsenic, etc.) as 
part of that chemical’s infrastructure.”  

Case 4:05-cv-00329-GKF-PJC     Document 1925-3 Filed in USDC ND/OK on 03/23/2009     Page 6 of 69



 

 7 

Hazardous Substance CASRN Originating Authority4 
HEPTACHLOR AND METABOLITES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
HEXACHLORCYCLOHEXANE (all 
isomers) 

608-73-
1 

33 U.S.C. § 1317(a) (Clean Water Act) 

LEAD AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

Lead Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

Manganese Compounds N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
MERCURY AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Mercury Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Fine Mineral Fibers N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
NICKEL AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Nickel Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
NITROPHENOLS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
NITROSAMINES N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
PHTHALATE ESTERS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
POLYCHLORINATED BIPHENYLS 1336-

36-3 
33 U.S.C. § 1321(b)(2)(A) (Clean Water 
Act) 
33 U.S.C. § 1317(a) (Clean Water Act) 
42 U.S.C. § 7412(b)(1) (Clean Air Act) 

Polycylic Organic Matter N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
POLYNUCLEAR AROMATIC 
HYDROCARBONS 

N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

Radionuclides (Include Radon) N.A. 42 U.S.C. § 7412(b)(1) (Clean Air Act) 
SELENIUM AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
Selenium Compounds N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 

42 U.S.C. § 7412(b)(1) (Clean Air Act) 
SILVER AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
THALLIUM AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
Unlisted Hazardous Wastes Characteristic 
of Corrosivity 

N.A. 42 U.S.C. § 9621 (RCRA) 

Unlisted Hazardous Wastes Characteristic 
of Ignitability 

N.A. 42 U.S.C. § 9621 (RCRA) 

Unlisted Hazardous Wastes Characteristic 
of Reactivity 

N.A. 42 U.S.C. § 9621 (RCRA) 

Unlisted Hazardous Wastes Characteristic 
of Toxicity 

N.A. 42 U.S.C. § 9621 (RCRA) 

ZINC AND COMPOUNDS N.A. 33 U.S.C. § 1317(a) (Clean Water Act) 
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